The paper discusses the options for the upgrade of a boundary-layer wind tunnel located outside of a lab building and thus, exposed today to the adversity of weather. The design of the new Atmospheric Flows Laboratory (Atmoszférikus Áramlások Laboratórium) is presented, which will allow the wind tunnel to be used in a wide range of applications. Some of the basic design choices are discussed.
INTRODUCTION
The Theodore von Kármán Wind Tunnel Laboratory operates three large wind tunnels with cross sections between 1.25 to 5 m 2 , and wind speeds up to 60 m/s. Three other small test section wind tunnels are also available for education and research with 0.12 -0.25 m 2 test section size and 18-24 m/s top speed. There exist several other wind tunnels in Hungary. Their specific capabilities correspond to their field of application, which goes from combined thermodynamic and fluid dynamics research to agricultural spraying device testing and soil erosion studies. Table 1 . gives an overview of the not less than 16 research wind tunnels in Hungary.
The 2 nd largest wind tunnel of our laboratory, built originally as a closed return boundary-layer tunnel, is currently located in the yard of the laboratory under a shed, and thus exposed to weather, and making the use of sensitive instrumentation difficult. Our aim is to find a solution for the preservation of this wind tunnel and extend its field of use to further improve our national research infrastructure.
HISTORY OF THE EXISTING TUNNEL
The wind tunnel was designed for the Hungarian Institute for Building Science (ÉTI -Építéstudományi Intézet) by Zoltán Szalay of ÉTI and Dr. Miklós Blahó of BME as a closed-return wind tunnel. The original design of 1978 included a larger wind tunnel ( Fig. 1) with horizontal return leg, 2.6 × 1.8 m test section, 10 m long flow preparation section, and switchable recirculation for a total cost of 5 M Ft (approx. 200M Ft / 650k € in today's prices), and also heater and cooler units were considered for additional 3M Ft. A new building for 3.5M Ft (440k €) should have facilitated the wind tunnel.
Due to financial constraints, the wind tunnel was built finally 1984 in slightly smaller size, with a 2.2 × 1.4 m test section and 7 m long flow preparation section. The return channel was located on the top of the one-storey building. The tunnel was used in several studies in building aerodynamics ( [2, 3] ÉTI's wind tunnel laboratory in 2003, the removable parts of the wind tunnel from contraction to the fan were taken over by the Dept. of Fluid Mechanics and placed in the yard of the Department's laboratory (Fig. 2) .
The major problems with its use in the current location are: (1) exposure to weather, (2) dust generation during operation, (3) no security of valuable instrumentation, (4) extreme heat under the pentice during summer, (5) lack of curtains or disillumination for flow visualisation, (6) no laser protection of trespassers, (7) use of external air causes fluctuations in flow temperature.
The solution for these problems is clearly the accommodation of the wind tunnel in a closed laboratory space. This gives also opportunity to reconsider the design of the wind tunnel, thus a common solution is needed for a new laboratory and a new or upgraded wind tunnel.
INTERNATIONAL EXAMPLES
Wind tunnels in building and environmental aerodynamics are still a very important research tool, which is underlined by the fact that several new tunnels were built in the past years or are in construction. A selection of these is shown in Table 2 .
Most new tunnels [4, 5, 7] are recirculating tunnels, [5] with optional use of external air in open circuit mode, which gives additional flexibility at experiments. The recirculation is useful when particle seeding is needed with laser based 
DESIGN OF THE NEW LAB BUILDING
The vicinity and accessibility requirements of the laboratories around the yard limit the size of the new laboratory, which is not allowed to reach further than the eastern border of the existing southern side wing. On both the southern and northern side of the yard existing office and lab windows need ventilation, thus corridors were necessary on both sides.
The building itself is located in the buffer zone of the Budapest world heritage conservation area, which made the 'hideaway' of the wind tunnel inlet behind a vertical grid necessary. The final architectural design by M Architects Ltd. (leading architect Viktor Szentkuti), which gained building permission from the authorities, is shown in Fig. 3 and Fig. 4 . Estimated costs for the building are in the range of 280k €. bellmouth. The upper arrow shows the roof opening for the air outlet.
IMPLICATIONS FOR THE WIND TUNNEL
The limited space on the yard and world heritage requirements made any recirculating solution impossible, thus the tunnel must remain in open return layout. The use of external air has some disadvantages, the inlet of moisture and dust can be expected, and in winter condensation on wind tunnel surfaces can be a problem.
However, the use of external air has its advantages as well, which makes the application field of the wind tunnel wider, e.g., cold weather testing is possible in winter time. The exhaust of the air into the environment allows 'dirty' experiments like sand erosion without any remaining pollution of the lab or the wind tunnel.
To combine the advantages of the two solutions, a moveable wind tunnel is considered, which is shown in Fig. 4 . This solution is only possible when using a new multifan unit which saves considerable length and consists of 6 fans in a 3 × 2 layout.
In the first configuration, external air is sucked into and exhausted through wall and roof openings. The contraction and bellmouth are located outside. This gives an 11.5 m long flow preparation section for building/environmental aerodynamic measurements, the possibility to run comparably high flow velocity, and additionally to place a second test section in the forward part of the wind tunnel for vehicle aerodynamic tests. Furthermore, an optional high speed test section is also thinkable.
In the second configuration, the flow preparation section, the test section and the fan unit is moved to the centre of the laboratory room and equipped with a smaller bellmouth. The vertical turning vane behind the fan is removed. This way, the wind tunnel can be used with internal air, and thus the tunnel can be used also during winter with very steady flow conditions, although only with lower speeds (around or below 10 m/s) to avoid 'stormy'conditions in the lab. The flow preparation section is in this case 8.5 m long. The inflow conditions at the bellmouth of the wind tunnel are in both configurations of specific importance. The design of the bellmouth in the first configuration was optimized by CFD simulations to improve the homogeneity of the flow. Results will be presented at the conference.
CONCLUSION AND OUTLOOK
In spite of the significant constraints of the site, the preliminary design of the wind tunnel upgrade and the new lab building will ensure a comparably wide application area of the facility. The next step is the detailed design phase of the wind tunnel and its new components.
